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FY1995 was the most active year in 
n1anufacturing superconducting helical coils and 
poloidal coils, in an excitation test of an inner 
vertical poloidal coil, and in training operations of 
utilities like a helium refrigerator, poV!rer supplies 
and cooling '-''ater systems. R&D in · 
superconductivity and cryogenics '-''ere perfonned 
by NIFS staffs and universities' researchers. 
Details of the results and procedures are 
expressed in individual iten1s. Followings are one 
of topics in the year. 
1 . Helical coil '-''inding 
The tnost of coil winding was done in FY1995 
keeping accuracy of a conductor position using 
the 13 axes N C machines and a laser distance 
meter to find the deviation frotn the ideal one. 
Superconducting characteristics of 38 lots of 
helical conductors used for the coil have been 
Ineasured by ourselves and have clarified the 
required recovery and critical currents. Quench 
analysis of the coil was performed to evaluate the 
coil temperature and the amount of exhaust gas 
volUine. 
2. Poloidal coils 
On site fabrication of the outer vertical poloidal 
coils which is the world largest superconducting 
coil in dimneter. Nb-Ti forced flO'-'' cooling type 
conductor of 27.5 n1111 x 31.8 mm "''aS wound in 
a double pancake (9 turns/layer) and 1nolded. The 
accuracy of size in within +- 3 mm for 11.1 m of 
diameter. 
The largest scale of R&D of poloidal coil called 
EXSIV "''as performed in Cryogenics and 
Superconductivity Laboratories. Single inner 
vertical coil of LHD (IVL) was mounted in a test 
cryostat, cmmected supercritical helium lines 
from cryogenic system with a circulating pump, 
electrically cotmected through a superconducting 
bus line. Coil and gas temperatures, gas pressure, 
gas flO'-'' rate, and coil displacetnent were 
1neasured to control gas distribution, and to 
monitor the coil and peripheral apparatus. By the 
experin1ent, we have done successfully the 
scheduled cool down, and excitation to nominal 
current of 20.8 kA. This R&D gave many 
engineering data to construct the LHD cryogenics 
syste1ns, tnonitoring systems, and 
superconducting bus lines. 
3. Hel iUin refrigerator, coil power supply, and 
water supply 
LHD utilities were completed in FY1994 and 
have required enough operation experience before 
6 
LHD experiment. Refrigerator was operated 6 
times of 7 days continuously in the year along 
with individual machine operations. Brush up of 
control programs was undertaken by our staffs. A 
dummy load cryostat having one third of heat 
load of LHD was mounted in the system and was 
operated several weeks. 
The coil power supply uses a vacuum circuit 
breaker and power fuses in a quench protection 
circuit. In this year, extensive tests of the 
reliability was done for OV coil power source. 
There "''ere no failures of fuse operations in more 
than 300 shots. 
Water supply is asked high reliability in any 
cases. It was cold winter to test the bypass circuit 
and heater. We made enough improvements for 
the winter cases. 
4. Mechanical Propetiies 
To simulate 1nechanical properties of a helical 
coil, iigidity of helical coil pack was measured 
using a sample made of the same helical coil 
conductors and insulators at the liquid heliUin 
temperature by 10 MN cryogenic testing machine. 
Each coil pack sample has a 6 layers x 6 turns and 
has a length of 200 mm. Measured rigidity was 
approximately 30 GPa. 
Fracture toughness of SUS31 6LHD, which is 
used for LHD supporting structures, was 
measured in liquid helium under 3-point bending 
tnethod. The material shown the superior 
properties in the family of SUS31 6. As analytical 
research, the specimen fracture behavior '-''aS 
calculated using a model and the incremental 
theory. Thermal contraction and shear strength of 
various kinds of FRP "''ere extensively measured. 
5. Cryogenics 
The heat transfer characteristics of a prototype 
helical conductor was measured changing sample 
orientations and channel widths. The sample is a 
bare copper bar having the surface of 18 mm x 18 
mm, and the length of 72 mm. The critical heat 
flux strongly depended on the sample orientation 
and channel width, however the minimum heat 
flux was less dependent. 
Performance of cryogenic circulating pump of 
supercritical helium was studied "''ith and without 
a forced flow superconducting coil. It "''as very 
stable in long time operations and flexible to the 
change of load conditions. Bonnetless cryogenic 
valves were developed for application of a LHD 
cryostat. 
6. Basic superconducting study 
Current sharing phenomena was studied to 
develop high stability multi-strands 
superconductor. The work is important to 
develop high cunent light coils. In universities' 
cooperative research wide area of superconductor 
stability were proceeded. 
